ALTHOUGH a large number of studies have dealt with the regional distribution of blood flow in the dog kidney, relatively few attempts have been made to measure intrarenal blood flow in rats. This seems unfortunate because the majority of studies on single-nephron filtration rate and tubular functions are performed on rats, and therefore lack readily comparable data on regional blood flow.
Up to now, the most direct estimate of regional flow in the rat kidney has been obtained from microsphere distribution. 1 flow pattern and distribution are incompletely known, microsphere measurements will give no direct information on regional peritubular flow, which may well be of importance in the regulation of tubular reabsorption of salt and water. Furthermore, under pathological conditions peritubular flow may become critical for tubular nutrition. For the purpose of measuring tissue perfusion ("nutritional flow"), determination of local uptake or washout of inert diffusible substances would seem to offer the most adequate methodological approach. Our present paper reports measurements of regional renal blood flow in anesthetized rats based on the local "M-antipyrine uptake rate by the method originally devised by Kety.' The results have been presented in part in abstract form. 7
Methods

PRINCIPLE
As developed by Kety:" When a freely diffusible, biologically inert tracer substance is carried to a tissue by arterial blood, the tracer concentration in the tissue (C t ) at time T is determined by the arterial concentration (C.), the tissueblood partition coefficient (A) and blood flow per unit volume (F/V,):
C,(T) = Ak, I C.e-"' T " " dt (1) where k, = F/V, A. Thus, if A is known and the C o curve from time 0 to T and the C,(T) are measured, the blood flow can be estimated. Since Equation 1 cannot be solved mathematically for k|, a curve is constructed for corresponding values of C,(T) and F/V,, using the arterial concentration curve for each experiment.'
EXPERIMENTAL PROCEDURES
Experiments were performed on female Wistar rats with a body weight of 220-260 g. The rats had free access to food and water, and a daily intake of sodium chloride of about 1.7 mmol/day. Anesthesia was induced by intraperitoneal injection of pentobarbital, 50 mg/kg of body weight. Rectal temperature was measured and kept constant at 37.5-38.2 c C by a heating pad. A PE 10 tube was inserted into the abdominal aorta through a femoral artery for blood sampling and pressure measurement with a Statham transducer and a Sanborn recorder. Another tube (PE 50) was placed in a femoral vein for infusion of '-"I-antipyrine.
PREPARATION AND INFUSION OF '"I-ANTIPYRINE
'•"I-antipyrine (Ap) in 0.2% NaHCO 3 solution was obtained from New England Nuclear. The amount of free 128 I was determined according to New England Nuclear specifications by silica gel thin layer chromatography (Polygram SIL N-HR, Machery-Nagel) with chloroform-ethyl ether (85:15) as eluent. Since free '-"I often greatly exceeded the amount recorded by the manufacturer shortly before shipping (1-5%), the preparation was purified according to the method of Munck and Andersen 9 on a Sephadex G-10 column with a diameter of 0.9 cm and a height of 18 cm. Distilled water was used for elution because Ap seemed more stable in water than in saline, a finding in agreement with the observations of Munck and Andersen." At the time of use, the free iodine content was usually 1 -2% and did not exceed 5%.
Before each experiment, 15-20 /iCi were diluted in saline. Preceded by a minute air bubble, the solution was advanced to the tip of the venous catheter and then infused at a constant rate of 10-15 /il/sec by means of a Sage Instruments syringe pump (model 355). The total volume given was 0.15-0.25 ml and caused no measurable change in arterial pressure.
BLOOD SAMPLING
To ensure exact timing of a series of 1-second blood samples and to minimize blood loss, the following procedure was adopted: The aortic catheter was cut about 6 cm from its exit from the femoral artery, leaving a total length of about 10 cm, and the cut end was placed to drain freely on a circular filter paper (Whatman No. 1) placed on a plexiglass disk with a diameter of 25 cm. The disk was rotating at a constant speed with a peripheral velocity of about 1.4 cm/sec, leaving a blood trace approximately 2 mm wide. Immediately after sampling, the blood trace was cut out, divided in 1-second sections, and placed in vials containing 2 ml of a cyanide solution. 10 After elution for 2-3 hours with intermittent shaking at room temperature, the cyanomethemoglobin concentration was estimated spectrophotometrically at 540 nm. Recovery of hemoglobin was shown to be complete by applying known amounts of blood on filter paper, drying for up to 1 hour, and eluting as described above. To calculate the blood volume of each sample from the hemoglobin content, parallels of 5 and 10 ^1 from a "standard" arterial sample, drawn a few minutes before Ap infusion, were analyzed in series with the filter paper samples.
Sampling of arterial blood was started by cutting the arterial catheter 3-4 seconds before beginning the Ap infusion. The spontaneous flow rate varied between 6 and 11 /il/sec. Thus, with a sampling period of 9-16 seconds the blood loss, including the calibration sample taken before Ap infusion, did not exceed 250 fi\. In separate experiments it was found that the sampling procedure had no detectable influence on arterial blood pressure. The volume of the sampling catheter was determined after each experiment and varied between 5 and 6.5 fi\.
CORRECTION FOR CATHETER DELAY AND SMEARING
Since the sampling catheter was placed in the aorta, its inflow concentration was assumed to be identical to that of the renal artery. Delay in the catheter was corrected for simply by extrapolating the arterial concentration curve one transit time to the right, as shown in Figure 1 Broken line denotes approximate correction of arterial curve according to catheter smearing curves shown in right panel. C and Ca = Ap concentration in outflowing blood and arterial blood, respectively (see text). VOL. 39, No. 3, SEPTEMBER 1976 nously and a period of at least 10 minutes was allowed for arterial concentration to stabilize. The arterial sampling catheter then was filled with nonlabeled blood by injecting 5-6 times the catheter volume. A few seconds later the catheter was cut and blood was sampled on filter paper as described above. The time-concentration curves were smoothed out and adjusted to fit the average transit time of 0.74 seconds observed under conditions of actual flow measurement. As shown in Figure I , right panel, the final concentration was practically attained in the course of 1 second following the first appearance of Ap. The deviation from the ideal square wave curve was used to make an approximate correction of the arterial concentration curves obtained in two randomly selected experiments, without altering the area under the curve, as shown in Figure 1 . Zonal flows calculated from the corrected curves did not deviate by more than 1 % from those calculated without smearing correction. We therefore feel satisfied that it is permissible to neglect correction for catheter smearing and to correct only for the average delay in the arterial catheter.
KIDNEY TISSUE SAMPLES
At the end of the infusion period, the rat was guillotined at the level of the diaphragm. The kidneys were rapidly excised and transferred to isopentane, precooled in liquid nitrogen. From each kidney three to four transverse sections about 2 mm thick were cut out by a circular saw with a blade thickness of 0.4 mm. The sections were immediately returned to the isopentane bath and transferred, one at a time, to a Petri dish filled with cooled isopentane for further subdivision. After scraping off "sawdust," radial sectors were cut out with a scalpel and each sector was further subdivided into four samples corresponding to the zones defined below. The tissue samples were rapidly blotted on filter paper to remove isopentane, transferred to stoppered vials, and weighed with an accuracy of 0.05 mg. Most samples weighed between 1.5 and 6 mg. To optimize counting geometry, 2 ml of water were added to each vial and allowed to equilibrate overnight before gamma scintillation counting. No measurable radioactivity was found in the isopentane bath used for division of the kidney.
The various anatomical zones were defined as follows: Cortex was divided from the outer medulla at the level of the arcuate arteries. The validity of the arcuate arteries as landmark was tested in separate experiments by injecting 0.2 ml of 15% sodium ferrocyanide, taking out the kidney 5 seconds later, and going through the sectioning procedure described above. The sections were then treated with ferrichloride, precipitating ferrocyanide as Prussian blue as described by Hanssen." The glomeruli then could be identified easily in the cortical sections, whereas only occasional glomeruli were observed in some of the outer medullary samples. Cortex was divided in two zones, outer (OC) and inner cortex (IC), of about equal thickness, approximately 1 mm each. The outer medulla was separated from the much paler inner medulla and then divided into two zones of equal thickness, about I mm each, the subcortical outer medulla (OM,) and the deep part of the outer medulla (OM,). Samples from inner medulla and papilla were occasionally included, but the radioactivity here was too low to permit reasonable estimates of blood flow.
For practical reasons, most tissue samples were obtained from the middle half of the kidney, with only occasional samples from the poles. Samples containing macroscopic arteries were excluded. In each experiment six to nine samples were taken from OC and IC, five to eight from OM,, and three to six from OM,, totaling an average of 26 samples.
The ' " I activity of tissue and blood samples was measured in equal volumes in a gamma scintillation counter. The counting error was less than 2% for cortical samples and less than 3% for medullary samples.
TISSUE-BLOOD PARTITION COEFFICIENT
The solubility of Ap in renal cortical tissue vs. blood was tested in vivo in four rats by infusing the isotope intravenously for a period of 80 seconds. The infusion rate was continuously reduced in an attempt to compensate for recirculation and thereby obtain a constant arterial plasma concentration. Serial arterial blood samples were collected in a period lasting from 30 to 80 seconds after beginning the infusion. The rat was then guillotined and 10-21 cortical samples were cut out, weighed, and counted as described above.
If, at the end of the 80-second infusion period (more than 6 half-times), diffusion equilibrium has been obtained between arterial blood and cortical tissue, the solubility in tissue relative to blood can be expressed as X' = C t /C, r , where C t is the average cortical concentration in counts/min per g of tissue, and C ar is the final arterial concentration in counts/min per ml of blood. [Since activity in tissue was estimated per gram, and in blood per milliliter, the ratio X' is not dimensionless as is the "true" partition coefficient, but is related to the latter through the specific gravity of the tissue (p) as X = p-X'. Thus, with p -1.05 the true partition coefficient is underestimated by 5%. However, since weight and volume were measured in the flow experiments as well, X' and not X was used in the calculations.]
As shown in Figure 2 , the observed tissue concentration was only slightly lower than the final arterial concentration. However, the ideal requirement of constant arterial concen- tration was not completely satisfied because a slowly rising arterial concentration was observed in all four experiments. The disequilibrium resulting from this imperfection in experimental design was corrected for as follows: C,(T) values corresponding to X' = 0.9, X' = 1.0, and X' = 1.1 were calculated from the observed C. curve according to Equation 1, under the assumption of an average cortical flow of 6 ml/min per g. By graphical interpolation the values of X' corresponding to the observed C,(T) in the four experiments were 0.93, 0.95, 0.99, and 1.02, with an average of 0.97. It should be noted that the value assigned to cortical flow, 6 ml/min per g, is not critical to the calculation. Thus alternative values of 5 and 7 ml/min per g would change the estimated X' by less than 1%. Furthermore, the omission of blood sampling during the first 30 seconds of infusion was found to introduce less than 1% error in the calculation. The estimated X' showed no correlation to hematocrit, which ranged from 39 to 44 vol % in the four experiments. As will be discussed later, liberation of free iodine during the 80-second infusion period might lead to a slight underestimation of X', and we therefore have chosen to use a value of 1.00.
Results
BLOOD FLOW DISTRIBUTION WITHIN EACH ZONE
The complete data from two rats (rats 4 and 11) shown in Figure 3 demonstrate fairly good agreement of Ap concentrations from each zone. Tissue samples from the two kidneys showed no difference and therefore are presented together. To estimate the scatter within each zone in the whole material, the concentrations in all samples from each zone in each experiment were calculated as percent of their mean. The standard deviation of all these normalized means will thereby express the coefficient of variation for Ap concentration in each zone. As shown in Table 1 , the coefficient of variation for tissue samples of 1-3 mg increased from 9.4% in OC to 31% in OM,. Considerably less scatter was observed among cortical samples of 3-6 mg, whereas the absolute concentrations showed no correlation with sample size. Because of its curvilinear relationship to tissue Ap concentration, estimated flow will show greater scatter, and proportionately more so with the increasing concentrations observed from OM, to OC ( Fig. 3 and Table 1 ). An approximate estimate of the true biological variation of cortical Ap concentrations and blood flow may be obtained by comparison with the variation observed among cortical samples in each of the four partition experiments: After 80 seconds of infusion the local cortical concentrations should be largely independent of differences in local cortical blood flow, and the observed concentration scatter therefore should give a reasonable estimate of the methodological errors, including evaporation, loss of Ap to isopentane, and errors in weighing and counting, as well as possible local variations in X'. For tissue samples weighing 3-6 mg, the partition experiments showed a coefficient of variation of 5.6% (37 tissue samples). In flow experiments (infusion time, 9-16 seconds), tissue samples of the same weight range had a coefficient of variation of 6.6% in OC and 8.9% in IC. The biological coefficient of variation, calculated as the square root of the difference between the squared total and methodological coefficients of variation, amounted to 3.5% and 6.9% in OC and IC, respectively. Depending on the infusion time and the degree of saturation in each particular experiment the resulting variation in calculated flow will be somewhat greater, with coefficients of variations of 5.7-8.2% (average = 7.0%) in OC and 9.5-12.6% (avg = 10.6%) in IC.
BLOOD FLOW DISTRIBUTION BETWEEN ZONES
As exemplified in Figure 3 and summarized in Table 2 , all 13 experiments showed highest flow in OC (avg « 7.09 ml/min per g) and decreasing values toward OM, (avg =-0.89 ml/min per g). While the ratios between now in the various zones showed considerable scatter, especially those involving the outer medulla, they showed no consistent relationship to absolute flow values. Thus kidneys with high flow in OC also had high flow in deeper layers, as is evident from Figure 4 . Furthermore, the average zonal flows calculated in experiments with 9-to 12-second Ap infusions CIRCULATION RESEARCH VOL. 39, No. 3, SEPTEMBER 1976 
AP -mean arterial pressure; Hct -hematocrit; T -"'I-iodoantipyrine (Ap) infusion time; OC and IC -outer and inner half of cortex; OM, and OM, -outer and inner half of outer medulla.
• Mean, calculated from average concentration in each experiment.
did not deviate significantly from the value observed in experiments with 15-to 16-second infusions (Fig. 5 ). All flow data given for each zone in each experiment in tables and figures represent the average of flow calculated separately for each tissue sample. It turned out, however, that calculation of mean zonal flow from average zonal concentration gave only 0-2% lower flow in the cortical zones, whereas no consistent difference was observed for the medulla (see Fig. 3 and last line of Table 2 ).
Total renal blood flow and zonal Row per gram of kidney may be calculated by making some estimates of the zonal volumes: Assuming that cortex and outer and inner medulla have relative volumes of 7:2:1, and considering the cortical and outer medullary zones as shells of a sphere, OC should constitute 42%, IC 28%, O M , 12%, and O M , 8% of total IC kidney volume. Based on these relative volumes, the calculated total flow per gram of kidney averaged 4.62 ml/min per g, whereas average flow fractions of OC through O M , were 65%, 28%, 5.6%, and 1.6% ( Table 3 ). The flow fraction to outer medulla varied from 5.5% to 8.5% in individual experiments, with a mean of 7.2%. If it is assumed that flow to inner medulla is 50% of that in OM,, it should equal 0.8% of total renal blood flow, and the total medullary flow fraction would thus be about 8%. Outer cortical Wood flaw, rri/min-g 
Discussion
ANALYSIS OF THE METHOD
The calculation of blood flow from a single point on the tissue saturation curve depends heavily on: (1) the assumption of instantaneous equilibration of tissue with venous blood draining any particular region, or, in the present context, the assumption that each tissue sample, including blood in arteries, capillaries and veins, and the parenchyma itself, will behave as an ideal mixing chamber; (2) a correct estimate of the tissue-blood, partition coefficient.
Diffusion vs. Flow-Limited Uptake
Recent studies have suggested that the uptake of antipyrine in the brain is determined not only by blood flow but shows appreciable diffusion limitation. ' •*• " However, the brain may well present a special case because of the blood-brain barrier, because in the myocardium the antipyrine uptake seems to be exclusively flow-determined even at high flow. 14 -" In the kidney, glomerular filtration of Ap (10-15% of renal blood flow) and the transport by tubular fluid in the cortex (rapidly declining flow rate along the nephron) may to some small extent contribute to diffusion equilibrium. Insofar as equilibrium is obtained in one single passage of blood, filtered Ap obviously will not influence the cortical uptake rate, and probably also will have negligible effect on Ap distribution. The question of possible diffusion limitation in the kidney clearly calls for comparison of the flow measurement with data obtained by other techniques. No such measurements were performed in our present study, but the average cortical blood now (6.1 ml/min per g) is somewhat higher than that obtained by measurement of cortical H,-desaturation by Chedru et al." (5.4 ml/min per g). Total flow up to 30% higher than the present average of 4.62 ml/min per g has been obtained with the electromagnetic flowmeter, p-aminohippuric acid (PAH) clearance, and microsphere techniques (for compiled data see Arendshorst et al.). However, direct comparison may be mis-leading, since these techniques give total flow in milliliters per minute per kidney, and blood flow per gram is obtained by dividing by kidney weight determined after the experiment. Loss of blood and tissue fluid before and during excision and preparation, which may easily amount to 20% of kidney weight or more, will cause a corresponding increase in calculated flow, but few papers state clearly how the kidney was handled before weighing. On the other hand, with the Ap method, as with other inert gas techniques, flow per gram of kidney is in theory not influenced by drainage during excision and preparation, because lost fluid should be in diffusion equilibrium with the tissue it is draining.
In summary, comparison with flow values obtained by other methods gives no clear evidence for appreciable diffusion limitation of '"I-antipyrine uptake in the renal cortex.
Medullary Ap Uptake. A slow uptake of Ap in the renal papilla previously has been attributed to countercurrent exchange between ascending and descending vasa recta, 18 but no quantifying data are available to evaluate how much the uptake rate is reduced by this mechanism. If one considers the medulla as a whole, medullary blood flow will be underestimated to the extent that Ap concentration in venous blood leaving the medulla is higher than average medullary concentration. The much higher Ap concentration in the outer part of outer medulla than in deeper layers at the end of the infusion periods ( Figs. I and 3 ) leaves little doubt that this must be the case and that therefore the total medullary blood flow calculated from Ap uptake must be considerably lower than the total inflow of blood tOTnedulla. It is not obvious that this conclusion applied to the various layers of the outer medulla: As discussed previously 19 there seems to be no satisfactory definition of "true local blood flow" per gram in tissue regions coupled in series and fed by one set of exchange vessels. It may also be noted that if the shapes of the uptake curves for Ap in the various medullary regions are similar to those for H, gas, 20 the uptake rate calculated from a single point on the curve would depend VOL. 39, No. 3, SEPTEMBER 1976 somewhat on the time allowed for saturation. No such difference was observed between 10-and 15-second infusion periods (Fig. 5 ), but the data are obviously not sufficient to exclude this possibility.
To some extent the effect of countercurrent exchange is counteracted by Ap entering the medulla through flow in the loops of Henle. However, since the inflow through the loops probably is only about x h of total medullary blood flow, and since the tubular fluid probably has a much lower Ap concentration due to equilibration with inner cortical tissue, it seems unlikely that this contribution could compensate for the effect of countercurrent exchange. By analogy with H, gas washout in the dog kidney, one would expect Ap uptake in the inner medulla and papilla to be greatly increased by increasing urine flow, 20 whereas the effect of diuresis should be small in the outer medulla. 11 With these several reservations in mind, the calculated flow values should more appropriately be referred to as "effective medullary flow with respect to antipyrine."
Effect of Unequilibrated Intrarenal Arterial Blood. As recently suggested by Utley et al., 12 the presence of unequilibrated blood in intrarenal arteries may cause errors in calculated flow, and apparently greater error at a low degree of saturation, i.e., early in the infusion period. Although the concentration difference between arterial blood and tissue obviously is greatest at an early stage of infusion, it does not follow that the error in average tissue concentration and in calculated flow will be greatest at this stage, as shown by the following model: Assume (1) a sudden rise in arterial concentration from 0 to C. at zero time, t = 0; (2) that there is no exchange between intrarenal arterial volume (V.) and surrounding tissue, and that the tracer moves as a step function through the arteries; (3) that the kidney volume beyond the arteries, V p (including capillaries and veins), has a uniform concentration at any value of t, and (4) that X' tissue-blood is 1.00.
Take as an example a blood flow F/V, = 0.1 ml/g per sec (where V, is total tissue volume -V, + V p ) and an arterial volume V o = V,0.05. If V, behaved as an ideal mixing chamber, the uptake rate constant would be 0.100 sec"' and after 0.5 second (arterial transit time) the concentration would be C.e" 0 ' 0 B = C.0.0488. However, with the model described above, no tracer will reach V p during the first 0.5 second, while V. will have reached arterial concentration, and average kidney concentration will be 0.05-C|. At t = 0.5 second, V p is exposed to a step function, and will begin saturating exponentially with a rate constant of 0.1/ 0.95 = 0.1053 sec" 1 , while V. will remain fully saturated. As shown in Figure 6 (curve A, lower panel), the average tracer concentration in V, will be higher for all finite values of t than if arterial blood had been equilibrated with the tissue (curve B). If now k is calculated from various points of curve A according to Equation 1 , the error will be small at very low values of T, but will rapidly approach an overestimation of true flow by 5.3% (Fig. 6, upper panel) . As is readily deduced from the curve, the same percent error will be obtained for a wide range of flow values. If arterial volume constituted only 2% of total cortical volume, which well may be more realistic, the overestimation of flow would be 2.1%.
In conclusion: (1) The error caused by nonequilibrated Vb-006-VI 20
FIGURE 6 Lower panel: average cortical tracer concentration (C,) as a function of time (t) after raising arterial concentration from zero to C o , when total cortical volume (V,) consuls of an unequilibrated arterial volume V a -0.05 • V, and a completely equilibrated tissue volume V p -0.95-V, (model A in inset), and when total cortical volume behaves as an ideal mixing chamber, that is, C, -C o (/ -e-"') (model B). Tissue-blood partition coefficient = 1.00. Upper panel: cortical flow (Fi/V,) calculated from points on curve A (model A) under the erroneous assumption of dealing with model BJor arterial volumes of 5% and 2% of V,. True FJ V t -0.100 ml/ sec per g (= 6 ml/min per g).
arterial blood does not depend on the concentration difference between C, and C p , but reflects the general rule that subdivision of one compartment into two or more compartments coupled in series will increase the overall uptake rate.
(2) The error is small and will not appreciably influence the zonal flow ratios.
Effect of Blood Flow Heterogeneity. As pointed out by Eklef et al., 12 inhomogeneous blood perfusion and tracer uptake within one tissue sample will lead to an underestimation of flow when calculated from average sample concentration. However, owing to the modest concentration scatter within each of the four zones, the flow error introduced by averaging concentrations from all samples in each zone amounted to less than 2% ( Table 2 and Fig. 3 ). Thus, under control conditions average zonal flow might well have been obtained by weighing and counting all tissue samples from each zone together. (With the manual dissection technique we have used it would not seem advisable to cut out samples larger than 10 mg.) On the other hand, calculation of average renal blood flow from total renal Ap uptake would underestimate flow by 9-21% in the various experiments.
Tissue-Blood Partition Coefficient
As recently discussed in detail by others, 11 -13 an error in X' will cause increasing error in calculated flow with increasing degree of saturation. In our present experiments, T was therefore chosen so as to avoid terminal C,/C« ratios higher than 0.75. A relatively short equilibration time (80 seconds) for the in vivo determination of X' has the advantage of being reasonably similar to the infusion time used for flow experiments. Therefore, possible errors due to slowly saturating intracellular compartments"-" and liber-ation of iodine by the liver would be minimized. From the data presented by Straub et al.* 5 the amount of iodine liberated in 80 seconds should not exceed 5%. Also, since free iodine will be taken up by the kidney, the relative error in X' should be considerably smaller. Furthermore, the finding of a practically identical average flow calculated after 10 and 15 seconds of saturation ( Fig. 5) give experimental support for the validity of the measured X'.
INTRARENAL BLOOD FLOW DISTRIBUTION
Distribution within Each Zone
Cortical tissue samples of 3-6 mg had a remarkably uniform Ap concentration, and the estimated variation in blood flow after correction for methodological errors was as low as 7.0% and 10.6% in outer and inner cortex, respectively (Table 1 ). Since the observed scatter must in part result from the combined effect of large differences in blood flow between the zones and the difficulties in obtaining a reproducible zonal division, the true flow differences within each cortical zone must be even smaller. Because of the steeper concentration and flow gradients between IC, OM, and OM,, the increasing scatter going in this direction should not-therefore be interpreted as showing greater intrazonal flow heterogeneity in deeper layers than in outer cortex. The observed flow variation among 3-to 6-mg samples within each cortical zone compares favorably with published data on the distribution of microspheres 2 *-27 and hardened frog red cells" in dog kidney cortex, giving coefficients of variation of 5-10% among 100-to 250-mg tissue samples.
Distribution A mong the Various Zones
Effective medullary flow with respect to Ap was estimated at 8% of total renal blood flow. As discussed above, this figure may be lower than the true medullary flow fraction because of countercurrent exchange. A slight underestimation also may result from the considerable concentration gradients which undoubtedly exist in the medullary tissue samples.
In all experiments flow was considerably higher in the outer than in the inner half of the cortex (average OC/IC = 1.53). A not too discrepant ratio, OC/IC = 2.30, was obtained from microsphere distribution by deBermudez and Hayslett, 1 who also divided the cortex in two. (In preliminary experiments we have obtained a microsphere ratio of 2.0 with a zonal division identical to that used in the Ap experiments.) However, the real discrepancy is much greater than is apparent from these numbers: Microspheres trapped in juxtamedullary glomeruli represent mainly medullary flow via the vasa recta rather than nutritive inner cortical flow. This medullary flow component included in IC may be roughly estimated by assuming that the medulla receives 10% of renal blood flow, and that OC and IC represent 42% and 28% of total renal volume, respectively. Subtracting this medullary component from IC flow gives a nutritive OC/IC flow ratio for the results of deBermudez and Havslett 1 of about 4.2. Direct comparison with microsphere data presented by Wallin et al. 1 and Hsu et al. J is more difficult because of a different subdivision of the cortex, but the conclusion seems quite clear: Antipyrine uptake in IC, presumably representing peritubular capillary flow, is 2-3 times greater than should be expected from microsphere distribution, as shown schematically in Figure 7 . The discrepancy might suggest either that (1) microspheres are underrepresented in deep glomeruli relative to blood flow, or (2) the peritubular capillary network in the inner cortex also receives blood from glomeruli situated more superficially (Fig. 7) .
The latter explanation is quite compatible with the direction of the efferent arterioles, as described by Rollhauser et a l . " (Fig. 7) . Thus, a direct comparison of glomerular to peritubular flow in a given zone may be grossly misleading. Whether in addition large microspheres may erroneously bypass the deep arterioles because of axial streaming or direct steric exclusion, or both, cannot be decided from the present data.
Comparison with externally recorded 13) Xe clearance, 30 -" which like Ap should reflect peritubular flow, is not feasible because the relative volumes corresponding to components I and II in the '"Xe-washout curves, 50-55% and 45-50%, respectively, do not correspond to well defined anatomical zones.
The average flow of 6.78 and 3.44 ml/min per g in the outer three-fourths and the inner one-fourth of the cortex, calculated from "Rb uptake by Mercer and Zusko," seems well compatible with the present results.
Applicability of the Ap Method
It has been argued that antipyrine uptake determined shortly after bolus injection should be preferable to the Kety approach because it is simpler experimentally, there is no need for the partition coefficient, and no assumptions have to be made concerning the uptake kinetics. 1 5 " This well may be true for tissues with relatively low flow, but would most likely involve great errors in the renal cortex with a desaturation half-time of only 5-8 seconds. In spite of the problems with the Kety approach discussed above, it therefore still would seem to be the method of choice for estimating local effective capillary flow in the rat kidney. The most serious practical drawback of the method is that only one measurement can be made on each kidney. Greater series of experiments are therefore needed than for repeatable methods that allow the kidney to be used as its own control. Since no difference was observed between the two kidneys, the contralateral kidney may serve as control at least in some experimental settings. The method would be expected to be applicable to other animals, but the finding of considerably higher tissue-blood Ap partition coefficient in the dog kidney (unpublished experiments) clearly calls for its determination in each species.
The main virtue of the Ap method is that blood flow is measured with good accuracy in well defined anatomical regions. Furthermore, there is no reason to suspect that the measuring technique should influence renal blood flow.
The method may be combined with measurement of single-nephron glomerular filtration rate with 14 C-ferrocyanide and with microsphere measurement of glomerular blood flow. In fact, simultaneous measurement of glomerular flow (microspheres) and the peritubular flow (Ap) might provide further insight into the postglomerular flow pattern, and might possibly also help to resolve the many real or apparent disagreements concerning intrarenal flow distribution as measured with various methods.
